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Description
Field of the invention

[0001] The presentinventionis generally related to the
field of sensor interfaces for sensor systems.

Background of the invention

[0002] Sensors are increasingly important in any field
where finer and ever more intelligent control is needed.
Examples are found in the growing fields of automotive
applications or wireless sensor networks (WSN). In the
automotive industry sensors are essential for applica-
tions ranging from increased safety to road stability as
well as to improve car performance and reliability de-
manded by customers. Further, compact and low-power
sensor interfaces are needed to be competitive on the
growing market and to enable new applications for the
‘Internet of things’.

[0003] Although the market asks for additional func-
tionality, the price pressure remains. The silicon area is
a main contributor to the cost of the sensor interface,
therefore the interface has to be made as small as pos-
sible. This should not only be valid for the technology
nodes that are used today (and which are still relative big
for the automotive industry), but also in more advanced
technologies.

[0004] Animportant productfeature of today’s sensors
in an automotive application is functional safety. A wrong
readout by a sensor can put the driver and his/her sur-
roundings in danger. As such, the sensor’s signal should
either be correct or flagged as wrong. The system either
trusts the signal or discards the signal. A popular, but
expensive way to diagnose a sensor’s health is by com-
paring the signal of multiple sensors. In addition, decom-
posing one readout by multiple non-identical sensors can
improve safety. Using non-identical sensors can be cru-
cial as common mode failures cannot always be detect-
ed. Consider, for example, two cameras in a foggy situ-
ation. Their readout is less trustworthy than one camera
and radar.

[0005] InUS9638762 IC sensordiagnostics using mul-
tiple (e.g., redundant) communication signal paths are
presented, wherein one or more of the communication
signal paths can be diverse (e.g., in hardware, software
or processing, in operating principle orin some otherway)
from at least one other of the multiple communication
signal paths.

[0006] US9863786 discloses a solution where the dif-
ferent paths use different data representations. The sen-
sor elements can operate to communicate respective sig-
nal components having different data representations,
such as different trigonometric representations, inverse
representations with respect to one another, different ad-
dends of a sum or other different proportional or inverse
proportional representations with respect to one another.
[0007] Application US2013/200909 relates to a fully in-
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tegrated sensor device where two separate signal paths
enable functional safety. A crucial aspect about this in-
tegrated device is that the sense element is part of the
integrated circuit.

[0008] US2004/075447 is concerned with a low cost
sensor interface IC with two identical signal paths. The
sense element is a pressure sensitive membrane with
four piezo resistive components. Most designs use a full
bridge where all four piezo resistances enable one rea-
doutsignal path. This design uses two halfbridges, where
two out of four piezo-resistances enable one readout and
the other two out of four piezo resistances enable the
other readout. Although functional safety is increased, a
common mode failure reduces the functional safety rat-
ing.

[0009] In the approach of US6396398 there are two
’sensor information or evaluation devices’ on different
sides of the data transmission unit. Singular further
processing is permitted for the safe evaluation of sensor
signals by producing a redundancy signal in accordance
with a prescribed algorithm when the sensor signals are
actually generated. The redundant single-channel nature
is made possible by virtue of safety-conforming data
processing and data transmission being carried out on a
single channel by virtue of a downstream processing de-
vice deriving dual-channel signals therefrom, by revers-
ing the algorithm and testing them for plausibility by re-
ciprocal result comparison. Hence, the external process-
ing unit calculates the signal to compare with by reversing
he prescribed processing instructions. So a raw signal is
calculated from the compensated signal and compared
with the raw signal used at the start.

[0010] US2009/177056 discloses an analyte monitor
including a sensor, a sensor control unit and a display
unit. The sensor control unit has a housing that can be
placed on skin and receive a portion of an electrochem-
ical sensor. The sensor control unit also includes con-
ductive contacts disposed on the housing and configured
for coupling to two or more contact pads on the sensor.
A transmitter is disposed in the housing and coupled to
the conductive contacts for transmitting data obtained
using the sensor. The display unit has a receiver for re-
ceiving data from the transmitter and a display coupled
to the receiver for displaying an indication of a level of
an analyte.

[0011] Application US2018/266856 presents an inter-
face device to be connected between an electronic in-
strument and a smart measurement probe providing in-
formation regarding calibration data, with the ability to
generate simulated sensor outputs. A transmitter inter-
rogation process utilizing these simulated sensor outputs
may be used to determine the transmitter settings and
provide an emulated sensor output emulating a previous
sensor-transmitter pairing.

[0012] There is, however, room for alternative solu-
tions to safely evaluate sensor signals that do not rely on
the use of multiple sensors.
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Summary of the invention

[0013] It is an object of embodiments of the present
invention to provide for a cost efficient sensor interface
circuit for functional safety.

[0014] The above objective is accomplished by the so-
lution according to the present invention.

[0015] In a first aspect the invention relates to system
as defined in claim 1.

[0016] The proposed sensorinterface circuitindeed al-
lows for use in safety critical applications. One sensor
resultis calculated in the sensor interface circuit and next
output to a further device of the application along with
the digital signal derived from the sensor signal and with
the sensor characterisation data. The sensor interface
circuit so provides that further device with all required
information to determine a second sensor result using
different processing means than the processing means
used in the sensor interface circuit to obtain said first
sensor result. The further device can then compare the
first and the second sensor result and so verify their re-
liability.

[0017] In a preferred embodiment said output unit is
connectable to a communication bus. Advantageously
the communication bus is bidirectional.

[0018] In embodiments of the invention the output unit
is arranged for time multiplexing the first sensor result,
the digitized version of the sensor signal and the sensor
characterisation data.

[0019] In a preferred embodiments the conversion
means comprises a filter and/or an amplifier.

[0020] In some embodiments the sensor interface cir-
cuit comprises separate conversion means for a first sig-
nal path comprising the processing means and for a sec-
ond signal path guiding the digital signal to the output
unit. Advantageously the inputis arranged to receive two
sensor signals from the sensor, whereby each sensor
signal is applied to a different one of said separate con-
version means.

[0021] In another embodiment the input is arranged to
receive an additional sensor signal from an additional
sensor. In such case there are for example two sensor
signals, each coming from a different sensor, and each
applied to a different conversion means.

[0022] Inanotherembodimentthe sensorinterface cir-
cuit may comprise a further memory to store separately
the sensor characterisation data to be output by the out-
put unit.

[0023] Advantageously, the sensor interface circuit
comprises a sensor arranged to convert the physical
quantity into the electrical quantity and to output the sen-
sor signal.

[0024] In advantageous embodiments the sensor in-
terface circuit is arranged to derive temperature informa-
tion and to output that temperature information.

[0025] In another aspect the invention relates to a
method as defined in claim 12.

[0026] Inone embodimentthe method further compris-
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es a step of which of the first and second sensor result
is most trustworthy. The most trustworthy sensor result
may be determined by exploiting at least one additional
signal path.

[0027] In embodiments the external control unit sends
a request to receive the sensor characterisation data to
the sensor interface circuit.

[0028] For purposes of summarizing the invention and
the advantages achieved over the prior art, certain ob-
jects and advantages of the invention have been de-
scribed herein above. Of course, it is to be understood
that not necessarily all such objects or advantages may
be achieved in accordance with any particular embodi-
ment of the invention. Thus, for example, those skilled in
the art will recognize that the invention may be embodied
or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein with-
out necessarily achieving other objects or advantages
as may be taught or suggested herein.

[0029] The above and other aspects of the invention
will be apparent from and elucidated with reference to
the embodiment(s) described hereinafter.

Brief description of the drawings

[0030] The invention will now be described further, by
way of example, with reference to the accompanying
drawings, wherein like reference numerals refer to like
elements in the various figures.

Fig.1 illustrates a block scheme of an embodiment
of the sensor interface circuit of the present inven-
tion.

Fig.2 illustrates another embodiment of the sensor
interface circuit.

Fig.3 illustrates yet another embodiment of the sen-
sor interface circuit.

Fig.4 illustrates yet another embodiment of the sen-
sor interface circuit.

Fig.5 illustrates an example of a sensor element
used with the sensor interface circuit of this inven-
tion.

Fig.6 illustrates an embodiment with three signal
paths.

Detailed description of illustrative embodiments

[0031] The presentinvention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims.

[0032] Furthermore, the termsfirst, second and the like
in the description and in the claims, are used for distin-
guishing between similar elements and not necessarily
for describing a sequence, either temporally, spatially, in
ranking or in any other manner. It is to be understood
that the terms so used are interchangeable under appro-
priate circumstances and that the embodiments of the
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invention described herein are capable of operation in
other sequences than described or illustrated herein.
[0033] It is to be noticed that the term "comprising”,
used in the claims, should not be interpreted as being
restricted to the means listed thereafter; it does not ex-
clude other elements or steps. Itis thus to be interpreted
as specifying the presence of the stated features, inte-
gers, steps or components as referred to, but does not
preclude the presence or addition of one or more other
features, integers, steps or components, or groups there-
of. Thus, the scope of the expression "a device compris-
ing means A and B" should not be limited to devices con-
sisting only of components A and B. It means that with
respect to the present invention, the only relevant com-
ponents of the device are A and B.

[0034] Reference throughout this specification to "one
embodiment” or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner,
as would be apparent to one of ordinary skill in the art
from this disclosure, in one or more embodiments.
[0035] Similarly it should be appreciated that in the de-
scription of exemplary embodiments of the invention, var-
ious features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however,
is not to be interpreted as reflecting an intention that the
claimed invention requires more features than are ex-
pressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all fea-
tures of a single foregoing disclosed embodiment. Thus,
the claims following the detailed description are hereby
expressly incorporated into this detailed description, with
each claim standing on its own as a separate embodi-
ment of this invention.

[0036] Furthermore, while some embodiments de-
scribed herein include some but not other features in-
cluded in other embodiments, combinations of features
of different embodiments are meant to be within the
scope of the invention, and form different embodiments,
as would be understood by those in the art. For example,
in the following claims, any of the claimed embodiments
can be used in any combination.

[0037] It should be noted that the use of particular ter-
minology when describing certain features or aspects of
the invention should not be taken to imply that the termi-
nology is being redefined herein to be restricted to include
any specific characteristics of the features or aspects of
the invention with which that terminology is associated.
[0038] In the description provided herein, numerous
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specific details are set forth. However, it is understood
thatembodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
of this description.

[0039] A sensor converts a physical quantity into an
analog electrical quantity. Typically the sensor output sig-
nal is too small to be used directly. Therefore a sensor
interface circuit amplifies the signal comprising the elec-
trical quantity received from the sensor to obtain a more
useful signal. The signal is often also further processed
(e.g. filtered) in the sensor interface. Additionally the sig-
nal is converted to a digital signal and further processed
in the digital domain. In the context of the present inven-
tion a sensor interface circuit is considered to be a struc-
ture to transfer the electrical quantity coming out of the
sensor into a digital signal. Although the input signal con-
taining the physical quantity to be converted in the sensor
often represents a pressure, temperature or magnetic
field, also other types of physical signals can be used as
input to the interface circuit of this invention.

[0040] Although it may be advantageous in many em-
bodiments of the sensor interface circuit of the invention
to have the sensor as a part of the interface circuit, this
is not strictly required. In other embodiments the sen-
sor(s) may be external to the circuit of the invention and
the circuit is fed with an electrical signal representative
of the electrical quantity into which the physical quantity
is converted in the sensor.

[0041] The present invention discloses a sensor inter-
face circuit comprising one signal path where a first sen-
sor result is calculated. The resulting signal and the in-
formation required to perform a second calculation is then
outputted. This second calculation is performed outside
the sensor interface circuit. As also the outcome of the
first calculation is outputted to a further device of the ap-
plication, the latter is capable of comparing the two re-
sults.

[0042] The sensor interface circuit of this invention is
typically used in safety critical applications. The sensor
interface circuit receives from the sensing element the
analog electrical signal to which the physical quantity was
converted. The analog signal is fed to a conversion block
of the sensor interface circuit and outputs a digitized ver-
sion of that electrical signal, which is subsequently em-
ployed by another device in the application, e.g. in an
Engine Control Unit (ECU). As already mentioned, the
sensor element itself does not have to be part of the sen-
sor interface’s integrated circuit, but the signal output by
the sensor is applied to the sensor interface. For the ap-
plication to use the sensor output, the characterization
information of the sensor is needed.

[0043] One example of such a sensor is a membrane
for pressure sensor readout. The resistances of the pie-
zo-resistive bridge on this membrane change according
to the pressure sensed by the membrane. Each resist-
ance is also affected by the process variations. In em-
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bodiments of the invention the sensor element is distinct
from the interface but the bridge nodes are connected to
the interface. The safety critical application can be e.g.
the electronic stability control system of a car, i.e. the
interface is connected to an ECU of the vehicle.

[0044] In the proposed solution the sensor character-
isation data, e.g. in the form of calibration coefficients, is
stored in the sensor interface circuit. This data is used in
the first signal path to calculate the first signal result. The
sensor characterisation data is transferred to another de-
vice used in the application, e.g. an engine control unit.
These correction coefficients are subsequently used to
process the digital signal in the second signal path out-
side the sensor interface circuit. The digital protocol ap-
plied to transfer data from the sensor interface tothe ECU
can transmit these coefficients during initialization of the
device. Also after initialization these coefficients can be
sent regularly at a slow pace. Furthermore also temper-
ature information (or any other parameter that has an
influence on the sensor output) may be sent. This should
not be sent only during initialization, but at regular time
instants. Typically this can also be done at a slow pace,
because temperature does not change so quickly.
[0045] Providing redundancy is a common way to im-
prove functional safety. Comparing the results out of two
redundant signal paths identifies whether the signal is
correct. Common mode errors are to be avoided. So,
some differences in the signal paths are to be introduced.
With common mode errors is meant that the same mis-
take is made in both signal paths (for example, a distur-
bance affecting both signal paths in the same way). So,
it is important is to make the two signal paths sufficiently
different.

[0046] One way to achieve this is illustrated in Fig.1.
The sensor system 100 in Fig.1 comprises a sense ele-
ment 110, a sensor interface circuit 120 and an ECU 140.
While the resulting signal in one of the two signal paths
131, 132 is calculated in the sensor interface 120, the
calculation of the other is performed in a separate unit
140 (in the ECU in this example). So, the sensor interface
120 fully calculates signal Result 1, whereas signal Re-
sult 2 is calculated at least partially in the ECU. This re-
quires a signal processor unit 128 like e.g. a digital signal
processor (DSP) or a microcontroller in the sensor inter-
face to perform the calculations for the first signal result
and a signal processing unit 148 in or connected with
unit 140 to perform the calculations for the second signal
result. The signal processor units can be similar or have
different implementations.

[0047] Since the sensor element signal is an analogue
signal, itrequires a conversion block 123. The conversion
block comprises at least a conversion means to digitize
the analogue signal, like an Analogue-to-Digital Convert-
er (ADC), a time-to-digital converter or a sensor-to-digital
converter. However, also filtering means and/or amplifi-
cation means can be provided in the conversion block.
The signal obtained at the output of the conversion block
is a digital signal.
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[0048] The digital signal is used for the calculations in
the DSP block 128 of the sensor interface circuit. The
DSP 128 is operably connected with the memory 125
where the calibration coefficients are stored, so that the
DSP can obtain the coefficients needed for the calcula-
tions. DSP 128 is further operably connected to a com-
munication unit 122. This communication unit is via a
communication bus 133 connected with the ECU 140.
The bus is used for transferring the calculated result for
the first signal path (Signal result1) as well as the input
for performing the second calculation.

[0049] In the second signal 132 path the digital signal
is directly fed to the communication unit 122. The sensor
characterisation data (e.g. the calibration coefficients)
are available in the memory 125, which is, as already
said, operably connected to the communication unit. In
an alternative embodiment a separate memory for the
second signal path is provided, which is obviously also
operably connected to the communication unit 122. This
is shown in Fig.2. The communication unit is used for
transmitting the digital signal and the stored sensor char-
acterisation data to the ECU 140 using the communica-
tion bus 133.

[0050] Preferably the sensor characterisation data is
transferred only when the coefficients in the memory
need an update. One option to transfer the sensor char-
acterisation data to the ECU is by means of a popular
protocol like SENT. This protocol typically works with a
slow and a fast message, whereby the necessary mem-
ory data is sent to the ECU in several slow channel mes-
sages. For example, signal Result 1 and the raw sensor
signal in the second signal path are sent each frame and
18 frames are needed to build a slow message. So, it
takes about 1 ms to transfer one fast message and 18ms
to transfer one slow message. The sensor characterisa-
tion data may be sentin the first slow channel messages
exchanged between the sensor interface circuit and the
ECU. Ifthe ECU detects this sensor characterisation data
is new, it waits until all new data (e.g. calibration coeffi-
cients) has been received. If the characterisation data is
found to be already stored in the ECU, the ECU can im-
mediately start and calculate the signal Result2 for the
second path 132 using the DSP block 148 in the ECU.
[0051] In certain embodiments also temperature infor-
mation is transmitted e.g. using such a slow channel. For
aresistive pressure sensor the temperature information
is often derived from the total resistance of a bridge of
resistors (which is not changing much with pressure, be-
cause typically two resistors increase with pressure,
while the other two decrease which pressure). In other
cases a temperature sensor is provided on the interface
circuititself (e.g. bandgap based). It represents very well
the pressure sensor temperature when the pressure sen-
sor is part of the interface die or when both dies are in
the same package.

[0052] In the embodiment shown in Fig.1 there is a
single conversion means. In other embodiments the sen-
sor provides two separate signals which are applied to
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separate conversion blocks (123,124 ) provided for a first
and a second signal path. This is illustrated in Fig.2.
[0053] Whereas in Fig.2 the two conversion blocks re-
ceive the same input signal, the sensing element 110 in
the embodiment of Fig.3 outputs two separate signals to
two distinct conversion blocks.

[0054] Fig.4 shows a variant of Fig.3, whereby two dif-
ferent sensing elements (110,111) are used, each feed-
ing one of the signal paths. Having two distinct sensors
may be beneficial because otherwise a single errorin the
sensor can make both signal results corrupt. One option
is to use twice the same sensor, but this is expensive
and might not be good enough because of common
cause failures. To reduce cost the membrane can be
common for both sensors, but different resistors are
used. This assumes a very reliable membrane. One of
the sensors can use a full bridge, while the other is using
only a half bridge. One can also differentiate in the type
of resistor used. One can have a resistive and a capac-
itive sensor to have true diversity. For a MEMS pressure
sensor the size of the membrane (and so the sensitivity)
and the shape (square versus round) can be varied.
[0055] Akeyfeature of the presentinvention is the stor-
age of the sensor characterisation data in the memory
125 (and optionally memory 126) of the sensor interface
circuitand performing the calculation of the second signal
result in the ECU after the characterisation data is trans-
ferred from the sensor interface to ECU. Note that in case
the memory 126 is present, the connection of the other
memory 125 to the communication unit 122 is not strictly
needed, as memory 126 is then used for transferring the
sensor characterisation data .

[0056] The main advantage of storing the coefficients
for the ECU calculations in the sensor interface is that
the calibration of the sensor and sensor interface circuit
can be done without ECU. So it can be done by the pro-
vider of the sensor and sensor interface. Furthermore it
makes it possible to replace the ECU or to replace the
sensor and sensor interface without any need to change
the rest of the system.

[0057] Fig.5 gives one possible example of a sense
element. The sense element here is a full bridge. Other
solutions exist with half bridge, readout of a single resist-
ance and more. The readout changes depending on the
physical property applied. In this example the resistance
of this full bridge changes. However, this behaviour is
temperature dependent and far from linear. Most impor-
tant property is that the readout signal changes a lot from
sense element to sense element. Each sense element
has its own coefficients to link physical property with the
changes of the sense element. Hence, each sense ele-
ment (see the bridge of Fig.5) has its calibration coeffi-
cients. The delta of two different bridge elements may be
different for the same physical change.

[0058] This example shows a second order for the re-
lation between bridge value, temperature and physical
property. Other models, such as higher order models,
inverse relations are also known. Most important is the
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fact that the relation between the sense element readout
and the physical property contains a very generic equa-
tion (in this example, the second order) and sense ele-
ment specific parameters. The sensor characterisation
data comprises in this particular example the coefficients
A, B;, C;, Tgand A. In other examples one can also send
raw measurement data, e.g. the digitized data measured
during calibration at two different pressures and two dif-
ferent temperatures (hence, four different results), to-
gether with the used pressure (e.g. in bar) and used tem-
perature (e.g. in degrees Celsius) for these measure-
ments. During operation the ECU also needs to receive
the current digitized pressure data and the temperature
information. Then the ECU can perform interpolation to
derive the actual pressure (e.g. in bar).

[0059] These coefficients (i.e. characterising data) are
typically determined by the sensor manufacturer during
a so called end of line calibration flow. Here, the sensor
is put in a number of application conditions to determine
the sensor specific coefficients. To ensure the link be-
tween coefficients and sense element is maintained, they
then are persistently stored on the sensor interface.
[0060] In some embodiments the signal from sensor
interface to ECU can be time multiplexed. The signal then
comprises in distinct time slots the calculated "Result 1",
the raw signal from signal path 2 and the calibration co-
efficients 2. The ECU is aware of the model or calculation
equation. As said, the sensor specific calibration coeffi-
cients are stored in the sensor.

[0061] In yet further embodiments of the sensor inter-
face circuit of the present invention there is at least a
third signal path 134 which in this example is also calcu-
lated in the sensor interface chip circuit. Fig.6 provides
an illustration. If two of the results are very similar, but
the third is different, the latter signal cannot be trusted.
It may however not always be that easy. In this example
converter 123 is common for signal paths 131 and 132.
If there is a fault in converter 123, both signal results 131
and 132 are wrong in a similar way, while only the third
signal result 134 is correct. For this example extra safety
mechanisms around converter 123 are preferably added.
E.g.one can also check the digital output of this converter
when some known reference input signals are provided.
[0062] When only two signal paths are used, the con-
fidence in both paths may be still different, e.g. because
of a different accuracy. This means that if a difference is
observed between both signals, the most accurate signal
is probably more reliable than the other signal. The dif-
ference in accuracy can for example be due to converter
124 being optimized for cost/area, whereas converter
123 is optimized for accuracy.

[0063] Another alternative for two signal paths is trying
to find out which one is most reliable. E.g. the ECU can
trigger (in case communication bus 133 is bidirectional)
some self-test features in the sensor interface circuit.
[0064] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
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illustrative orexemplary and notrestrictive. The foregoing
description details certain embodiments of the invention.
It will be appreciated, however, that no matter how de-
tailed the foregoing appears in text, the invention may be
practiced in many ways. The invention is not limited to
the disclosed embodiments.

[0065] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. A single processor or
other unit may fulfil the functions of several items recited
in the claims. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be
used to advantage. A computer program may be
stored/distributed on a suitable medium, such as an op-
tical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

Claims
1. System comprising
a sensor interface circuit (120) comprising

- an input arranged to receive a sensor sig-
nal being an electrical signal representative
of an electrical quantity, said electrical
quantity being a physical quantity converted
in a sensor,

- conversion means (123) arranged for con-
verting said sensor signal into a digital sig-
nal,

- memory (125) to store sensor characteri-
sation data,

- signal processing means (128) adapted to
obtain a first sensor result by processing
said digital signal using said sensor charac-
terisation data,

- an output unit (122) arranged to receive
and output said first sensor result, said dig-
ital signal and said sensor characterisation
data.

and a control unit (140) external to said sensor
interface circuit (120), said external control unit
arranged to receive said first sensor result, said
digital signal and said sensor characterisation
data, and comprising further signal processing
means (148) adapted to obtain a second sensor
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10.

1.

12.

result by processing said received digital signal
using said received sensor characterisation da-
taandto compare said second sensorresultwith
said received first sensor result.

System asin claim 1, wherein said output unit of said
sensor interface circuit is connectable to a commu-
nication bus (133).

System asin claim 2, wherein said output unit of said
sensor interface circuit is connectable to a bidirec-
tional communication bus.

System asin any of claims 1 to 3, wherein said output
unit of said sensor interface circuit is arranged for
time multiplexing said first sensor result, said digi-
tized version of said sensor signal and said sensor
characterisation data.

System as in any of the previous claims, wherein
said conversion means comprises a filter and/or an
amplifier.

System as in any of the previous claims, comprising
separate conversion means (123,124) for a first sig-
nal path (131) comprising said processing means
and for a second signal path (132) guiding said digital
signal to said output unit.

System as in claim 6, wherein said input is arranged
to receive two sensor signals from said sensor, each
sensor signal being applied to a different one of said
separate conversion means.

System as in any of the previous claims, wherein
said inputis arranged to receive an additional sensor
signal from an additional sensor (111).

System as in any of the previous claims, wherein
said sensor interface circuit comprises a further
memory (126) to store separately said sensor char-
acterisation data to be output by said output unit.

System as in any of the previous claims, comprising
a sensor (110) arranged to convert said physical
quantity into said electrical quantity and to output
said sensor signal.

System as in any of the previous claims, arranged
to derive temperature information and to output said
temperature information.

Method for verifying signals derived from a sensor
signal received in a sensor interface circuit (120) of
asystem as in any of the previous claims, the method
comprising :

- receiving said sensor signal in said sensor in-
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terface circuit,

- determining a first sensor result in said signal
processing means (128) of said sensor interface
circuit by processing said digital signal using
said sensor characterisation data,

- outputting from said sensor interface circuit
said first sensor result, said digital signal and
said sensor characterisation data to the external
control unit of said system,

- determining in said external control unit (140)
asecond sensor result by processing said digital
signal using said sensor characterisation data
in the signal processing means (148) of said ex-
ternal control unit,

- comparing said first and said second sensor
result.

Method for verifying signals as in claim 12, further
comprising a step of determining which of said first
and second sensor result is most trustworthy.

Method for verifying signals as in claim 13, wherein
the most trustworthy sensor result is determined by
exploiting at least one additional signal path.

Method for verifying signals as in any of claims 12
to 14, wherein said external control unit sends a re-
quest to receive said sensor characterisation data
to said sensor interface circuit.

Patentanspriiche

1.

System, umfassend

eine Sensorschnittstellenschaltung (120) um-
fassend

- einen Eingang, der angeordnetist, um ein
Sensorsignal zu empfangen, bei dem es
sich um ein elektrisches Signal handelt, das
fir eine elektrische Grolde reprasentativ ist,
wobei die elektrische GroRe eine physika-
lische GroRe ist, die in einem Sensor um-
gewandelt wird,

- Umwandlungsmittel (123), die zur Um-
wandlung des Sensorsignals in ein digitales
Signal angeordnet sind,

- Speicher (125) zum Speichern von Sen-
sorcharakterisierungsdaten,

- Signalverarbeitungsmittel (128), die aus-
gelegt sind, um ein erstes Sensorergebnis
durch Verarbeiten des digitalen Signals un-
ter Verwendung der Sensorcharakterisie-
rungsdaten zu erhalten,

- eine Ausgabeeinheit (122), die zum Emp-
fangen und Ausgeben des ersten Sensor-
ergebnisses, des digitalen Signals und der
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Sensorcharakterisierungsdaten angeord-
net ist.

und eine Steuereinheit (140) auRerhalb der
Sensorschnittstellenschaltung (120), wobei die
externe Steuereinheit angeordnet ist, um das
erste Sensorergebnis, das digitale Signal und
die Sensorcharakterisierungsdaten zu empfan-
gen, und umfassend weitere Signalverarbei-
tungsmittel (148), die ausgelegtist, um ein zwei-
tes Sensorergebnis durch Verarbeitung des
empfangenen digitalen Signals unter Verwen-
dung der empfangenen Sensorcharakterisie-
rungsdaten zu erhalten und das zweite Senso-
rergebnis mit dem empfangenen ersten Senso-
rergebnis zu vergleichen.

System nach Anspruch 1, wobei die Ausgabeeinheit
der Sensorschnittstellenschaltung an einen Kom-
munikationsbus (133) angeschlossen werden kann.

System nach Anspruch 2, wobei die Ausgabeeinheit
der Sensorschnittstellenschaltung an einen bidirek-
tionalen Kommunikationsbus angeschlossen wer-
den kann.

System nach einem der Anspriiche 1 bis 3, wobei
die Ausgabeeinheit der Sensorschnittstellenschal-
tung zum Zeitmultiplexen des ersten Sensorergeb-
nisses, der digitalisierten Version des Sensorsignals
und der Sensorcharakterisierungsdaten angeordnet
ist.

System nach einem der vorstehenden Anspriiche,
wobei die Umwandlungsmittel ein Filter und/oder ei-
nen Verstarker umfassen.

System nach einem der vorstehenden Anspriiche,
umfassend getrennte Umwandlungsmittel (123,
124) fir einen ersten Signalpfad (131), der die Ver-
arbeitungsmittel umfasst, und fiir einen zweiten Si-
gnalpfad (132), der das digitale Signal zu der Aus-
gabeeinheit flihrt, umfasst.

System nach Anspruch 6, wobei der Eingang ange-
ordnet ist, um zwei Sensorsignale von dem Sensor
zu empfangen, wobei jedes Sensorsignal an ein an-
deres der getrennten Umwandlungsmittel angelegt
wird.

System nach einem der vorstehenden Anspriiche,
wobei der Eingang angeordnet ist, dass um ein zu-
satzliches Sensorsignal von einem zusatzlichen
Sensor (111) zu empfangen.

System nach einem der vorstehenden Anspriiche,
wobei die Sensorschnittstellenschaltung einen wei-
teren Speicher (126) zum separaten Speichern der
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von der Ausgabeeinheit auszugebenden Sensorch-
arakterisierungsdaten umfasst.

System nach einem der vorstehenden Anspriiche,
umfassend einen Sensor (110), der angeordnet ist,
um die physikalische Grof3e in die elektrische GroRe
umzuwandeln und das Sensorsignal auszugeben.

System nach einem der vorstehenden Anspriiche,
das angeordnet ist, um Temperaturinformationen
abzuleiten und die Temperaturinformationen auszu-
geben.

Verfahren zum Verifizieren von Signalen, die von ei-
nem Sensorsignal abgeleitet werden, das in einer
Sensorschnittstellenschaltung (120) eines Systems
nach einem der vorstehenden Anspriiche empfan-
genen wird, wobei das Verfahren umfasst:

- Empfangen des Sensorsignals in der Sensor-
schnittstellenschaltung,

- Bestimmen eines ersten Sensorergebnisses
in den Signalverarbeitungsmitteln (128) der
Sensorschnittstellenschaltung durch Verarbei-
ten des digitalen Signals unter Verwendung der
Sensorcharakterisierungsdaten,

- Ausgeben des ersten Sensorergebnisses, des
digitalen Signals und der Sensorcharakterisie-
rungsdaten von der Sensorschnittstellenschal-
tung an die externe Steuereinheit des Systems,
- Bestimmen eines zweiten Sensorergebnisses
in der externen Steuereinheit (140) durch Ver-
arbeiten des digitalen Signals unter Verwen-
dung der Sensorcharakterisierungsdatenin den
Signalverarbeitungsmitteln (148) der externen
Steuereinheit,

- Vergleichen des ersten und des zweiten Sen-
sorergebnisses.

Verfahren zum Verifizieren von Signalen nach An-
spruch 12, weiter umfassend einen Schritt des Be-
stimmens, welches der Ergebnisse des ersten und
des zweiten Sensors am vertrauenswirdigsten ist.

Verfahren zum Verfizieren von Signalen nach An-
spruch 13, wobei das vertrauenswirdigste Sensor-
ergebnis durch Ausnutzung mindestens eines zu-
satzlichen Signalpfades bestimmt wird.

Verfahren zur Uberpriifung von Signalen nach ei-
nem der Anspriiche 12 bis 14, wobei die externe
Steuereinheit eine Anforderung zum Empfangen der
Sensorcharakterisierungsdaten an die Sensor-
schnittstellenschaltung sendet.
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Revendications

Systeme comprenant

un circuit d’interface de capteur (120) compre-
nant

- une entrée agencée pour recevoir un si-
gnal de capteur étant un signal électrique
représentatif d'une quantité électrique, la-
dite quantité électrique étant une quantité
physique convertie dans un capteur,

- un moyen de conversion (123) agencé
pour convertir ledit signal de capteur en un
signal numérique,

- une mémoire (125) pour stocker des don-
nées de caractérisation de capteur,

- un moyen de traitement de signal (128)
apte aobtenirun premier résultat de capteur
par le traitement dudit signal numérique en
utilisant lesdites données de caractérisa-
tion de capteur,

- une unité de sortie (122) agencée pour
recevoir et délivrer ledit premier résultat de
capteur, ledit signal numérique et lesdites
données de caractérisation de capteur.

et une unité de commande (140) externe audit
circuit d’interface de capteur (120), ladite unité
de commande externe étant agencée pour re-
cevoir ledit premier résultat de capteur, ledit si-
gnal numérique et lesdites données de caracté-
risation de capteur, et comprenant en outre un
moyen de traitement de signal (148) apte a ob-
tenir un second résultat de capteur par le traite-
ment dudit signal numérique regu en utilisant
lesdites données de caractérisation de capteur
recues et a comparer ledit second résultat de
capteur audit premier résultat de capteur regu.

Systeme selon la revendication 1, dans lequel ladite
unité de sortie dudit circuit d’interface de capteur
peut étre reliée a un bus de communication (133).

Systeme selon la revendication 2, dans lequel ladite
unité de sortie dudit circuit d’interface de capteur
peut étre reliée a un bus de communication bidirec-
tionnel.

Systeme selon 'une quelconque des revendications
1 a 3, dans lequel ladite unité de sortie dudit circuit
d’interface de capteur est agencée pour multiplexer
dans le temps ledit premier résultat de capteur, ladite
version numérisée dudit signal de capteur et lesdites
données de caractérisation de capteur.

Systeme selon 'une quelconque des revendications
précédentes, dans lequel ledit moyen de conversion
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comprend un filtre et/ou un amplificateur.

Systeme selon I'une quelconque des revendications
précédentes, comprenant des moyens de conver-
sion distincts (123, 124) pour un premier trajet de
signal (131) comprenant ledit moyen de traitement
et pour un second trajet de signal (132) guidant ledit
signal numérique vers ladite unité de sortie.

Systeme selon la revendication 6, dans lequel ladite
entrée est agencée pour recevoir deux signaux de
capteur depuis ledit capteur, chaque signal de cap-
teur étant appliqué a I'un différent desdits moyens
de conversion distincts.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel ladite entrée est agencée
pour recevoir un signal de capteur supplémentaire
depuis un capteur supplémentaire (111).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel ledit circuit d’interface de
capteur comprend une autre mémoire (126) pour
stocker séparément lesdites données de caractéri-
sation de capteur a délivrer par ladite unité de sortie.

Systeme selon I'une quelconque des revendications
précédentes, comprenant un capteur (110) agencé
pour convertir ladite quantité physique en ladite
quantité électrique et pour délivrer ledit signal de
capteur.

Systeme selon I'une quelconque des revendications
précédentes, agencé pour dériver des informations
de température et pour délivrer lesdites informations
de température.

Procédé de vérification de signaux dérivés d’'un si-
gnal de capteur regu dans un circuit d’interface de
capteur (120) d’'un systéme selon I'une quelconque
des revendications précédentes, le procédé
comprenant :

- la réception dudit signal de capteur dans ledit
circuit d’'interface de capteur,

- la détermination d’un premier résultat de cap-
teur dans ledit moyen de traitement de signal
(128) dudit circuit d’'interface de capteur par le
traitement dudit signal numérique en utilisant
lesdites données de caractérisation de capteur,
- la délivrance, depuis ledit circuit d’interface de
capteur, dudit premier résultat de capteur, dudit
signal numérique et desdites données de carac-
térisation de capteur a I'unité de commande ex-
terne dudit systeme,

-la détermination, dans ladite unité de comman-
de externe (140), d’'un second résultat de cap-
teur par le traitement dudit signal numérique en
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utilisant lesdites données de caractérisation de
capteur dans le moyen de traitement de signal
(148) de ladite unité de commande externe,

- la comparaison desdits premier et second ré-
sultats de capteur.

Procédé de vérification de signaux selon la revendi-
cation 12, comprenant en outre une étape de déter-
mination de celui parmi lesdits premier et second
résultats de capteur qui est le plus fiable.

Procédé de vérification de signaux selon la revendi-
cation 13, dans lequel le résultat de capteur qui est
le plus fiable est déterminé par I'exploitation d’au
moins un trajet de signal supplémentaire.

Procédé de vérification de signaux selon 'une quel-
conque des revendications 12 a 14, dans lequel la-
dite unité de commande externe envoie une deman-
de pour recevoir lesdites données de caractérisation
de capteur audit circuit d’interface de capteur.
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